Propionic acidemia is an autosomal recessive disorder that is due to deficiency in the enzyme propionyl-CoA carboxylase. Cardiomyopathy is a well-known phenomenon in propionic acidemia that it may rapidly progress to death. Here we describe a case of propionic acidemia in a 27-yearold man who developed adult-onset secondary dilated cardiomyopathy. In early infancy he was diagnosed with propionic acidemia and was later noted to have mild mental retardation, mild renal failure, and optic nerve atrophy. Although he was in good energy status with a low-protein diet and carnitine supplementation, he was admitted to our university hospital with decompensate heart failure, which resulted in low-output cardiac syndrome with massive mitral regurgitation and left ventricular dyssynchrony. Cardiac resynchronization therapy (CRT) and continuous hemodiafiltration followed by hemodialysis (HD) dramatically improved his clinical status.
Introduction
Propionic acidemia is a relatively rare autosomal recessive disorder characterized by an accumulation of propio-* Corresponding author.
nic acid caused by a deficiency in propionyl CoA carboxylase (PCC), an enzyme that catalyzes valine, isoleucine, methionine, threonine, and odd-chain fatty acids in the mitochondrial matrix [1] . PCC deficiency causes an accumulation of propionic acid in the blood and urine, and without appropriate treatment, can lead to metabolic acidosis, lethargy, respiratory distress, and death. Recent advances have enabled patients with acute presentation to live beyond the neonatal period. As patients age, however, the natural progression of propionic acidemia gives rise to intellectual difficulties and increases the risks for a number of complications, including chronic kidney disease and neurological, cardiac, and gastrointestinal disorders [2] - [4] . The initial onset of cardiomyopathy typically occurs later, during school age or in adulthood, but despite its later onset, it is a serious complication as it can rapidly progress to death [5] .
Cardiac resynchronization therapy (CRT) is an established adjunct to optimal pharmacological therapy in eligible patients with severe heart failure, but its role in the treatment of heart failure due to secondary cardiomyopathy has not been clarified [6] [7] . Here we describe the case of a young adult with propionic acidemia complicated by severe heart failure and renal dysfunction who was treated successfully by combination therapy CRT and HD. This combined approach may be a viable option for patients with metabolic disorders such as propionic acidemia complicated advanced secondary cardiomyopathy and renal failure.
Case Report
A 27-year-old Japanese man with propionic acidemia presented to our university hospital with shortness of breath and nocturnal dyspnea. He was the third child of a nonconsanguineous marriage [8] . His older sister had died of unknown causes during the neonatal period. He was born by normal delivery with a weight of 3200 g. Shortly after birth, he exhibited poor feeding, lethargy, and respiratory distress and underwent peritoneal dialysis together with other standard measures to control metabolic disorder. Diagnosis of propionic acidemia was confirmed by plasma and urinary amino acid analysis. Mutation analysis revealed homozygosity for p.Thr428Ile in the PCCB gene, which codes the beta subunit of PCC. He grew normally on a low-protein diet supplemented with L-carnitine, but had mild mental retardation. At age 15 years, he collapsed and was diagnosed with epilepsy on the basis of abnormal electroencephalography findings. Zonisamide was administered to control his convulsive seizures and he managed to work part time until losing his vision due to optic atrophy at age 22. Cardiomegaly became apparent at age 23, with no family history of cardiomyopathy.
On admission, physical examination revealed height of 1.57 m, 56.5 kg weight, clear consciousness, tachypnea, alternating pulse, and clammy skin at the extremities. A systolic murmur (Levine II/VI) with a gallop rhythm was audible at the apex. Chest radiography showed cardiomegaly and bilateral pulmonary congestion with a cardiothoracic ratio of 60% (Figure 1(a) ). Electrocardiography demonstrated sinus tachycardia with normal QRS (100 ms in V6) and QT (425 ms in V5) intervals. Echocardiography showed notable global left ventricular dysfunction, characterized by a left ventricular ejection fraction of 15.6% and a markedly dilated left ventricular cavity. Doppler echocardiography revealed severe mitral regurgitation (Figure 1(c) ). The results of blood gas analysis were as follows: pH, 7.409; PCO 2 , 32.5 mmHg; PO 2 , 48.1 mmHg; bicarbonate, 18.5 mmol/1; BE, -9.5; glucose, 125 mg/dl; and lactate, 14.5 mg/dl. Blood ammonia was within the normal range, serum creatinine was mildly elevated (1.8 mg/dl), and brain natriuretic peptide was notably elevated (2000 pg/ml). Diuretics, carperitide, catecholamines, and nasal continuous positive airway pressure did not improve his respiratory distress or heart failure. He was intubated and mechanically ventilated due to severe respiratory distress with pulmonary congestion. He developed oliguria and his serum creatinine level was elevated to 3.4 (mg/dl). Continuous hemofiltration was initiated to treat low cardiac output and pulmonary congestion and significantly improved his clinical status and pulmonary congestion. However, he needed regular hemodialysis (HD) to remove the excess preload. He also experienced ventricular fibrillation and required resuscitation on a general ward, but showed no precursory change. Implantation of a CRT defibrillator system (Medtronic Protecta™ XT, Medtronic Inc, Minneapolis, USA) and periodic HD gradually improved his cardiac function. He was discharged with the same neurological status admission with a cardiothoracic ratio of 50% (Figure 1(b) ) and has not had any cardiac events for 3 years with periodic HD three times a week.
Discussion
Cardiomyopathy as a complication of organic acidemia, particularly propionic acidemia, was first described in phenomenon [Pena, Burton 2012] . Among their 6 patients, 3 died of cardiomyopathy and the other 3 fully recovered. A recent survey of propionic acidemia complications found that cardiomyopathy occurred in 10 of 54 (19%) patients with propionic acidemia, aged 2 -33 years old [3] . Importantly, propionic acidemia was listed as the cause of death in 70% of the deceased patients, a finding indicative of significant morbidity and mortality in this population.
To date, the cause of cardiomyopathy has not been elucidated, and although carnitine deficiency has been observed in patients with cardiomyopathy, carnitine therapy has not shown any beneficial effects in patients with propionic acidemia-related cardiomyopathy [2] . Mardach et al. reported very low levels of cardiac muscle carnitine despite normal plasma carnitine levels, and subsequently proposed that depletion of cardiac muscle carnitine is a precursor of cardiomyopathy [9] . However, as cardiac myocyte findings were limited, further research is needed to clarify any potential relationship. Mitochondrial electron transport chain dysfunction and secondary respiratory chain deficiency followed by an accumulation of toxic metabolites in tissues from patients with propionic acidemia are potential etiologic factors in the development of cardiomyopathy and other complications [10] . While liver transplantation has been shown to ameliorate cardiomyopathy, the absence of a correlation between their metabolic state and this heart complication suggests that different mechanisms may be involved [11] . Biventricular stimulation (i.e., CRT) has been shown to improve cardiac function, reduce the frequency of hospitalization for heart failure, and enhance the quality of life in many patients with severe left ventricular systolic dysfunction and intraventricular conduction disease [6] [7] . However, it remains controversial as to whether CRT benefits patients with heart failure due to secondary cardiomyopathy such as metabolic and/or degenerative disease. In the present case, the introduction of a CRT device significantly improved the ejection fraction, magnitude of mitral regurgitation, and left ventricular dyssynchrony (Figure 2) . It is possible that combination therapy, preload reduction, the removal of toxic substances by HD, and the application of CRT to assist cardiac contractions and rectify cardiac dyssynchrony have a synergistic effect.
In summary, combination therapy with CRT and HD dramatically improved the condition of a young man with propionic acidemia complicated by severe left heart failure and renal dysfunction. This combined approach may be a viable option for individuals with metabolic diseases such as propionic acidemia complicated by advanced secondary cardiomyopathy with renal dysfunction.
